A nucleic acid fluorescence probe is used to label nucleic acid, which is convenient, fast, and highly sensible, and has thus become more widely used in resent years. [1] [2] [3] Because a metal complex can be used as a DNA probe in structure and conformation, the binding of a metal complex to DNA has been the subject of intense investigations. 4 Because the special photoelectric characteristics of ruthenium have attracted high attention, we synthesized a new ligand, 2-phenyl(5-fluoro)-imidazo[ f ]-1,10-phenanthroline (PIP(V)), and its complex, Ru(bpy)2PIP(V). The fluorescence spectrum of the interaction between the complex and DNA was studied. A very strong fluorescence peak can be obtained at a wavelength of 589 nm (λex = 471 nm) with the addition of DNA; also, the fluorescence intensity is in proportion to the concentrations of DNA. A fluorescence method was used to determine DNA. The linear range was 0 -25 µg/mL, and the limit of detection was 4.8 µg/mL. The condition of experiment was optimized and the interference of the coexisting substance was studied. This method is simple, convenient and fast, which has the advantage of a high determination sensitivity in synthesized samples.
Introduction
A nucleic acid fluorescence probe is used to label nucleic acid, which is convenient, fast, and highly sensible, and has thus become more widely used in resent years. [1] [2] [3] Because a metal complex can be used as a DNA probe in structure and conformation, the binding of a metal complex to DNA has been the subject of intense investigations. 4 Because the special photoelectric characteristics of ruthenium have attracted high attention, we synthesized a new ligand, 2-phenyl(5-fluoro)-imidazo[ f ]-1,10-phenanthroline (PIP(V)), and its complex, Ru(bpy)2PIP(V). The fluorescence spectrum of the interaction between the complex and DNA was studied. A very strong fluorescence peak can be obtained at a wavelength of 589 nm (λex = 471 nm) with the addition of DNA; also, the fluorescence intensity is in proportion to the concentrations of DNA. A fluorescence method was used to determine DNA. The linear range was 0 -25 µg/mL, and the limit of detection was 4.8 µg/mL. The condition of experiment was optimized and the interference of the coexisting substance was studied. This method is simple, convenient and fast, which has the advantage of a high determination sensitivity in synthesized samples.
Experimental

Reagent
Double-distilled water was used to prepare all solutions. 1,10-Phenanthroline was of analytical reagent grade. When the interaction between a complex and DNA was studied, the concentration of the complex (Ru(bpy)2PIP(V)) was 1 × 10 -4 mol/L. Tris(trihydroxymethylaminomethane)hydrochloride (pH 7.4) was used as a buffer solution, and its concentration was 0.2 mol/L. The concentration of calf thymus DNA (biochemical agent) was 100 µg/mL.
Apparatus
The fluorescence intensity was measured with an RF-540 spectrofluorometer (Japan) with a quartz cell (1 cm × 1 cm crosssection) equipped with a xenon lamp and dual monochromator.
Ultraviolet-visible absorption spectra were recorded on a Perkin-Elmer lambda 17 spectrophotometer (USA) using 1 cm path-length cells. The pH was measured with a Model PHB4pH meter (Shanghai Leici Equipment Factory, China).
Methods
The synthesis of PIP(V) was carried out according to a reported procedure. 5, 6 cis-[Ru(bpy)2Cl2]·2H2O was prepared according to a literature method, 7 and was then synthesized with the corresponding ligand PIP(V), and the complex Ru(bpy)2PIP(V) was obtained.
After a 0.5 ml Ru(bpy)2PIP(V) solution (1 × 10 -4 mol/L) and a 1.0 mL Tris buffer solution (0.5 mol/L) were added to a 10 mL comparison tube, a DNA solution was added. The mixture was diluted to the scale, shaken and left standing for 5 min. The fluorescence intensity was measured with the following settings of the spectrofluorometer: excitation wavelength (λex), 471 nm; emission wavelength (λem), 589 nm. Blank was also measured.
Results and Discussion
The excitation and emission spectra
The excitation and emission spectra for the determination of the complex and DNA are depicted in Fig. 1 , according to determination method. Although the fluorescence peak of the blank was weak at 589 nm (λex = 471 nm), a very strong fluorescence peak was present upon the addition of DNA, and the intensity increased with the increment in the concentration of DNA. The analysis method in the determination of DNA was adopted, which proved to be applicable by an experiment.
Effect of DNA denaturation
The influence of thermally denatured DNA on Ru(bpy)2PIP(V) was studied. The result showed that when DNA was thermally denatured, the fluorescence intensity decreased to blank, which can be explained by the fact that ss-DNA can not protect Ru(bpy)2PIP(V) from a water solution, which revealed that the interaction between Ru(bpy)2PIP(V) and DNA was intercalation binding.
Hypochromic effects
It is very clear from Fig. 2 that the absorption peak of the complex decreased slightly when DNA was present, which is usually regarded as one of the characteristics of intercalating. The reason is that because there was π-π stacking between the DNA base pairs and the intercalated ligand, certain electrons stacked in the π * -valence orbit of intercalated ligand and MLCT transition probability decreased.
Effect of the concentration of the complex
The influence of different complex concentrations on the fluorescence intensity of the system was studied. The results of the experiment are shown in Fig. 3 . When the concentration of the complex was 5 × 10 -5 mol/L, the fluorescence intensity reached maximum and remained at a plateau.
Effect of pH
The effect of the pH on the fluorescence intensity over different pH values was studied; the results are shown in Fig. 4 . The maximum fluorescence intensity was at pH 9.45. When the pH was lower than 3 or higher than 12, the fluorescence intensity decreased, which showed that the double helix structure of DNA was destroyed, resulting in a decrease in the fluorescence intensity.
Emission quenching
The ferrocyanide ion was proved to be able to distinguish different bound ruthenium species. Positively charged "free" or aqueous complexes should be readily quenched by [Fe(CN)6] 4-. In the presence of DNA, the intercalated complex was almost completely protected because a highly negatively charged [Fe(CN)6] 4-would be repelled by the negatively charged DNA phosphate backbone. Thus the intercalated complexes were less accessible to quenchers. The effect of different concentrations of [Fe(CN)6] 4-to the system was studied; the result is shown in Fig. 5 . It was concluded that [Fe(CN)6] 4-had no interference with the binding of the complex and DNA, which proved that the binding mode was intercalated binding. These results are in agreement with the explanation for intercalated interaction.
Salt effect
Different quantities of NaCl solution were added to the system of Ru(bpy)2PIP(V) and DNA; the results are shown in Fig. 6 . The fluorescence intensity decreased with increment in the concentration of the NaCl solution, which was consistent with results obtainted from ethidium bromide are other DNA fluorescence probes. 8 
Interference of coexisting substances
When 20 µg/mL CT DNA was tested, the standard relative deviation was ±5%, and 30-times RNA, guanine, 10-times thymine, hemoglobin and purine, and 30-times ordinary metal ion in which purine had no influence on the detection.
Working l.c.
Different concentrations of DNA were tested. There were good linear relationships when the concentration of DNA was in the range 0 -25 µg/mL; the linear equation was F = 0.31 + 59.3C (C in µg/mL), and the correlation coefficient (r) was 0.999. The 20 µg/mL calf thymus DNA in this system was tested 11 times, and the result of the determination was 19.96 µg/mL; the relative standard deviation was 3.1%. Because the limit of detection was 4.8 µg/L, the method was both sensitive and applicable.
Applicability
In order to examine the applicability of the present method, some synthetic samples were analyzed. As shown in Table 1 , satisfactory results were obtained.
Conclusion
The determination of DNA using the complex Ru(bpy)2PIP(V) has been developed. Some characteristics of the proposed methods for the determination of DNA were compared by this method. The limit of detection was 10 µg/L using ethidium bromide, 9 and 0.5 µg/L by use of ToTo or YoYo. 10 It was clear that the limit of detection of this method is lower than ToTo and YoYo, and higher than ethidium bromide, and that this method is applicable to the determination of DNA. This method has the characteristics of high sensitivity and low detection. The absorption hypochroic and red shift when Ru(bpy)2PIP(V) interacts with DNA, which has been regarded as acriterion for intercalation.
11
With increasing amounts of DNA, the hypochromic effect is more evident. Binding, especialy intercalation to DNA, will protect a complex, less accessive to water, and hence the emission intensity of Ru(bpy)2PIP(V) would be enhanced. 12 The experimental results show that these Ru(bpy)2PIP(V) bind to DNA by an intercalation binding mode. 
